As part of the preliminary site characterization at Project 57, soil samples were collected for separation into several size-fractions using the Suspended Soil Particle Sizing System (SSPSS), designed and fabricated by the Division of Atmospheric Sciences (DAS) of the Desert Research Institute (DRI). SSPSS operations, consisting of particle separation by sieving and aerodynamic sizing, were performed by personnel of the Harry Reid Center for Environmental Studies (HRC) at the University of Nevada, Las Vegas (UNLV).
iii spectroscopy. Uranium was found on four samples at low levels: 1.12 to 3.72 pCi/g (0.06 to 0.11 pCi total activity).
For the aerodynamically separated samples, the average ratio of 239+240 Pu to 241 Am for all size-fractions was 7.1 with a standard deviation of 10.8, a range of 0.8 to 78.5. The averages for the different size-ranges had slight but not significant differences. At the 95% confidence limit, the range was 4.6 to 9.6. The ratio of 7.1 is lower than the ratio of 239+240 Pu to 241 Am found for soil samples at safety test sites on the Tonopah Test Range, consistent with previous work at Project 57.
The activities in the size-intervals for aerodynamic diameters <2.5 µm, from 2.5 to 5 µm, from 5 to 10 µm, and from 10 to 15 µm were computed from the mass and activities on filter samples. The mean activity of 239+240 Pu on the aerodynamically separated samples increased as the particle size increased: 377 pCi/g for the <2.5 µm interval, 592 pCi/g for the 2.5 to 5 µm interval, 1,211 pCi/g for 5 to 10 µm interval, and 1,922 pCi/g for the 10 to 15 µm interval. Paired t-tests show statistically significant increases in
239+240
Pu activity between the <2.5 µm and 2.5-5 µm intervals (at the 3.4% level) and the 2.5-5 µm and 5-10 µm intervals (at the 1.3% level). The increase between the 5-10 µm and 10-15 µm interval had a significance level of 12.5% and would not be considered statistically significant.
The means of the 241
Am activities for the aerodynamically separated samples in the <2.5 µm, from 2.5 to 5 µm, from 5 to 10 µm, and from 10 to 15 µm size-intervals were also determined. Although the 241 Am activities increased as the particle size increased, no increase was statistically significant.
The relation among 241
Am activities of the sieved samples at the three sampling locations and the individual samples was similar to that of the aerodynamically separated samples. The highest activities were found at location two (9 to 2,632 pCi/g); the activity at location three (4 to 1,280 pCi/g) slightly exceeded that at location one (1 to 597 pCi/g). The individual soil samples with the highest alpha activities also had the highest gamma activities; the individual soil samples with the lowest alpha activities also had the lowest gamma activities. A few soil samples had one or more size-intervals with much higher activity than is found in other size-intervals for that sample, which is indicative of the inhomogeneity of the mixture of radionuclides in the sample. However, in general, the results suggest that the plutonium and americium were similarly distributed among different soil particle sizes at the sampling sites.
The mean activity of the sieved samples decreased as the particle size increased for all but the 150 to 300 µm size-interval. Except for one soil sample with a high 241 Am activity in the 150 to 300 µm interval, mean activities decreased with increasing particle size for all sizes. Paired t-Tests confirm that the decreases in the means with increasing particle size were highly statistically significant for the <38 µm to 38-75 µm interval (at the 0.0% level), for the 75-15 µm to 150-300 µm interval (at the 0.8% level) and for the 150-300 µm to 300-600 µm interval (at the 0.6% level). The decrease for the 300-600 µm to >600 µm interval was slightly less significant but still at the 3.5% level. The decrease in the mean activity between the 38-75 µm to 75-150 µm interval had a significance level of 7.2%, only slightly statistically significant.
The activities of 241
Am in the sieved samples, particularly in the small size-intervals, are higher (range of 8.4 to 2,630 pCi/g) than might be expected given the activities of 241 Am and iv 239+240 Pu in the aerodynamically separated samples. If the same ratio of about 5 for plutonium to americium as for the aerodynamically separated size-fractions holds for the sieved samples, the plutonium activity in the <38 µm size-range would be from 800 to 13,000 pCi/g. The results of the gamma counting of 241 Am and subsequent calculations have been checked and determined to be correct to within the uncertainties of the measurement. A large amount of plutonium associated with particles having aerodynamic diameters greater than 15 µm (a diameter of about 3 µm for a plutonium particle or 5 µm for a plutonium oxide particle) and physical sizes less than 38 µm could result in the high activities in this size range.
The total amount of 241 Am in each sieved sample cannot be determined, because the sieved fractions were not weighed when the separations were done. The sieved fractions were not originally intended to be analyzed. The sieved fractions were analyzed only after a gross gamma survey meter indicated relatively high activities in some of the sieved fractions. Previous work at the site by Papelis et al. (1996) indicated slightly more than 50% of the Pu activity is associated with particles less than 38 µm. However, variability between samples was high. In the future, for any work with the SSPSS, the total weight of the soil sample, the weight of the part that is sieved, and the weights of each sieved size-fraction should be determined. The principal value of this would be for a better understanding of activity as a function of soil mass distribution, both in the inhalable and larger soil particle-size ranges. As part of the preliminary site characterization conducted for Project 57, soil samples were collected for separation into several size-fractions using the Suspended Soil Particle Sizing System (SSPSS), designed and fabricated by the Division of Atmospheric Sciences (DAS) of the Desert Research Institute (DRI) (Bowen et al., 1998; Chow et al., 1994) . Soil samples were collected specifically for separation by the SSPSS at three general locations in the deposited Project 57 plume, the projected radioactivity of which ranged from 100 to 600 pCi/g. The primary purpose in focusing on samples with this level of activity is that it would represent anticipated residual soil contamination levels at the site after corrective actions are completed. Consequently, the results of the SSPSS analysis can contribute to dose calculation and corrective action-level determinations for future land-use scenarios at the site.
Project 57 was a safety test conducted on the Nellis Air Force Range. The purpose of the test was to evaluate the dispersal of plutonium resulting from a chemical explosion of a simulated nuclear device. IT Corporation collected soil samples for the SSPSS analysis as part of preliminary characterization work at the site. The SSPSS operations, consisting of particle separation by sieving and aerodynamic sizing, were performed by personnel of the Harry Reid Center for Environmental Studies (HRC) at the University of Nevada, Las Vegas (UNLV). Sieving was done in the Radiation Protection Laboratory at UNLV. The aerodynamic particle separation was done at the HRC. Quanterra Environmental Services (QES), Richland Laboratory, analyzed the aerodynamically separated particle samples for isotopes of plutonium, americium, and uranium. UNLV's Department of Health Physics analyzed the sieved size-fractions for americium using gamma spectroscopy.
SOIL SAMPLE COLLECTION
During collection of soil samples for other preliminary site characterization, IT Corporation collected soil samples specifically for the separation of soil particles by the SSPSS. At each sample site, surface vegetation and debris were removed and soil was collected to a depth of approximately 8 cm, placed in a 2-liter container, and marked with a sample identification number. A total of 17 samples were collected at three general locations relative to the estimated plume area shown in Figure 1 . The projected activity of the areas of collection was in the range of 100 to 600 pCi/g, the anticipated residual contaminant level range that will remain at the site after corrective action. Higher activity soils were also not considered because of restrictions on the amount of radioactive material that UNLV was licensed to have in its possession. Five soil samples with these activities could be transferred to UNLV at one time for separation. The sample locations and sample identification numbers are listed in Table 1 . Two of the samples, PR57-058 and PR57-057, were collected at the same location as samples PR57-035 and PR57-040, respectively, to serve as duplicate samples. 
SSPSS OPERATIONS AND ANALYTICAL RESULTS
UNLV received soil samples from IT Corporation in three separate shipments, one for each sampling location. Each set consisted of the five or six samples indicated in Table 1 . The soil samples were dried and then sieved into six size-fractions, the smallest of which had particles with physical diameters less than 38 µm. The <38 µm fraction was further separated into five sizefractions with aerodynamic diameters <1, <2.5, <5, <10, and <15 µm, respectively. The samples were received, transported, handled, and stored in accordance with the Radiation Safety Standard Operating Procedure (SOP) for the Soil Analyses Laboratory and SSPSS. Training of personnel was performed in accordance with this SOP. Figure 2 contains a flow diagram of the operations associated with the SSPSS and analytical operations that are described in this section. In the following discussion, particle size-fractions are determined by the method of separation: physical diameters (PD) for the sieving process and aerodynamic diameters (AD) referenced to a spherical particle with a density of 1 g/cm 3 .
Sieving Operations
Sieving operations were performed in a large laboratory hood in UNLV's Radiation Protection Laboratory. The hood was equipped with a high-efficiency particle arresting (HEPA) filter on the exhaust to prevent possible release of contaminated dust to the atmosphere. Prior to sieving, the bulk soil samples were dried at 110°C for several hours. For each soil sample, approximately half a kilogram of soil was placed in the top sieve of the stack. The sieve stack was shaken for 20 minutes to separate the soil into six size-fractions with physical diameters greater than 600 µm, 300 to 600 µm, 150 to 300 µm, 75 to 150 µm, 38 to 75 µm, and less than 38 µm. The five larger size-fractions were placed in labeled bags for possible further analysis. The <38 µm sizefraction was placed in a 50-ml container and taken to the suspension area for aerodynamic separation to smaller size-fractions. The shaker stakes were locked together during the sieving operation to minimize the potential for fine particles to escape. In addition, the stake was observed during the entire 6 to 15 minute shaking operation. No escape of fines was observed.
Suspension Operations
Suspension operations were performed in a small laboratory room in the HRC. Inside the laboratory, a secondary containment structure was constructed of PVC tubing and polyethylene sheeting to contain soil particles that might be released during operations of the apparatus. The most likely time for a release of particles to the air was during the cleanup after the separation process. A vacuum cleaner with a HEPA filter was used to remove soil that fell out in the suspension chamber. An air-cleaning device with HEPA filter was installed in the secondary containment area to collect dust released during cleanup operations. A HEPA filter was also installed on the exhaust fan outlet from the room to prevent release of contaminated particles to the atmosphere.
For each soil sample, a portion of the final sieved product (<38 µm fraction) was separated aerodynamically into five size-fractions with aerodynamic diameters <1 µm, <2.5 µm, <5 µm, <10 µm, and <15 µm, respectively. The SSPSS separation apparatus is shown schematically in Figure 3 . The <38 m sample was introduced to the suspension chamber through the suspension flask. The suspended particles separated into different size-fractions by the impactors specific to Place approximately half a kilogram of soil in the top sieve of the stack and shake for 20 minutes to separate soil into six size-fractions with physical diameters >600 µm, 300 to 600 µm, 150 to 300 µm, 75 to 150 µm, 38 to 75 µm, and <38 µm Reserve five larger size-fractions for gamma spectroscopy for 241 Am Take <38 µm size-fraction to the suspension area for aerodynamic separation at HRC Weigh filters before and after sample collection with Cahn 33 microbalance Separate three portions of the <38 µm sample aerodynamically into five size-fractions with aerodynamic <15 µm, <10 µm, <5 µm, <2.5 µm, and <1 µm, respectively, including two <5 µm samples. Collect samples on separate filters for <15 µm, <10 µm, and <5 µm fractions and on the same filter for the <2.5 µm and <1 µm fractions Send aerodynamically separated size-fractions to IT Corp for shipment to Quanterra Environmental Services (QES), Richland Laboratory for analysis.
At QES, composite filters for each size-fraction for a particular soil sample by dissolving the filters and their contents in hydrofluoric and nitric acid.
Use alpha spectroscopy to measure activity on composited samples of each size and were collected on filters for subsequent analysis. A second sample in the <5 µm size-fraction was also collected as a check of the homogeneity of the suspended particles. To collect the amount of mass required for the analysis of plutonium, three suspensions were performed for each soil sample. The <5 µm, <10 µm and <15 µm size-fractions were collected on separate filters for each suspension, so as not to overload the filters and impaction plates. For all but two soil samples, the <1 µm and <2.5 µm size-fractions were collected on single filters, because of the small amount of mass collected for those sizes. The filters were weighed before and after the soil collection with a Cahn Model 33 microbalance to determine the amount of suspended soil collected. A control set of filters and calibration weights were randomly reweighed as a quality control procedure. This was done in place of making multiple measurements of the filters to minimize handling of the filters during which material could be lost. In addition, particularly for the benefit of the finest filter fractions, a 5 to 10 minute "settling" period was used after operation of the SSPSS apparatus before the filters were removed to help ensure that no fine particles remained in suspension. In addition, leak tests and flow rate checks, in accordance with the DRI SOP, were performed during the SSPSS operation.
The <1 µm samples for the Project 57 samples contained higher than expected masses. The average ratio of mass on the <1 µm samples to mass on the <2.5 µm samples was 0.66 ± 0.08; i.e., two thirds of the <2.5 µm size-fraction would have consisted of particles smaller than <1 µm. Other measurements have found that airborne particles originating from soil have less than 10% of the total mass in the <1 µm and smaller size-fraction (Friedlander, 1977; Whitby, 1978) . Airborne particles that originate as suspended soil particles typically have a lognormal mass distribution with a maximum near 9 µm and geometric standard deviation of about 5 µm. The mass in the <1 µm size-fraction for such a distribution would be about 7% of the mass in the <2.5 µm size-fraction, or much less than the 66% found for the current measurements. The processes used in the SSPSS to separate particles, while not exactly the same as those that would generate airborne particles by natural processes, would not have modified the soil sample so much as to result in the measured abundance of mass in the <1 µm size-range. As a consequence, the results of <1 µm samples were combined with the <2.5 µm fraction for analysis. The <1 µm samples will not be considered further during this report.
The aerodynamically separated samples are listed in Tables 2 through 4 . Also included are filter numbers and individual masses and the composite sets and total mass of all the filters for a particular size-fraction for each sample. The samples labeled 5A are those for the second <5 µm size-fraction.
Radiological Results
Both the sieved fractions and the aerodynamically separated fractions were analyzed for radionuclides. The following section describes the two types of analyses performed.
Aerodynamically Separated Fractions -Alpha Spectroscopy
The aerodynamically separated samples were analyzed for plutonium ( U) by QES, Richland Laboratory. After aerodynamic separation, and sample collection and weighing at UNLV, the sample filters were sent to IT Corporation for shipment to QES. All soil samples had three filters for each size-fraction at 5 µm and larger. A few of the smaller size-fractions also had multiple filters but most samples consisted of a single filter. At QES, the filters for each size-fraction for a particular soil sample were U. In all cases, the analyses were done at reduced volume because of the relatively small amount of mass on the filters. The alpha activities were counted for 100 minutes and referenced to tracers introduced to the samples. Activities were reported in pCi/g. A total of 15 sets of filters were analyzed by alpha spectroscopy. The resulting activities in pCi/g and pCi/filter are given in Tables 5 through 7 Tables. The uranium activities will not be discussed further because of their low values and few samples on which they were found above detection limits. The activities are listed for particles in the composited filter sample with sizes less than the aerodynamic diameter listed at the top of each column. The mass presented on Tables 2, 3, and 4 for each particle size-range represents the mass collected on that filter as well as the cumulative mass of the finer soil particle fractions. In addition, the mass percentages of each particle size-fraction as a function of the total mass of each sample are provided as an additional means of evaluation of distribution of total inhalable particles and contaminants.
In a well-mixed suspension of particles in which the radioactive particles are uniformly distributed throughout the suspension chamber, the total activity on each filter should decrease as the particle size-fraction decreases, because each smaller fraction would contribute the same activity to larger fractions. Several samples, however, had more activity in the smaller size-fraction than in the larger ones. This could be the result of an inhomogeneous mixture of radioactive particles in the suspension, or for size-fractions with low mass, a single "hot particle" with attached plutonium or americium isotopes attached could similarly affect the results. The activities that were less than those for a smaller size range are underlined in the Tables. The inhomogeneity is particularly clear in several of the duplicate 5 µm samples. The subsequent analysis has used the average of the 5 µm samples.
The overall activity of soil particles in the inhalable size range of the three areas where samples were collected can be determined from the activities on the 15 µm samples. These activities are also a measure of the total activity of particles in the inhalable size-ranges. The activities of 239+240 Pu in the 15-µm samples range from 82 to 692 pCi/g for location one, from 818 to 2,940 pCi/g for location two, and from 189 to 1,600 pCi/g for location three. Am have been computed for each size-fraction for each soil sample and are given in Table 8 . For all samples except those with activities less than the detection limit, the average ratio for all the size-fractions was 7.1, with a standard deviation of 10.8 and a range of 0.8 to 78.5. The 95% confidence interval was 4.6 to 9.6. The averages for the different sizeranges had slight but not significant differences. The average ratio is reduced to 5.3 if the two large ratios, which appear to have much lower americium values than do other samples, are Gilbert et al. (1975) and Kroodsma (1994) , although methods used and ratios calculated varied from one study to another. Gilbert et al. (1975) calculated ratios based on over 150 samples collected over the entire aerial extent of the Project 57 plume, with samples collected to a depth of approximately 5 cm. Plutonium to americium ratios in Gilbert et al. (1975) for Project 57 were "9 to 10" versus "22 to 26" at the TTR sites.
The activities in the size-intervals for aerodynamic diameters <2.5 µm, from 2.5 to 5 µm, from 5 to 10 µm, and from 10 to 15 µm have been computed from the mass and activities on filter samples. The activity in a particular size-interval was computed from where a j is activity in the jth size-fraction, M j is mass in the jth size-fraction, and j-1 is the next smaller size-interval. The computation assumes that the activity and mass associated with particles on the filters for the smaller size-fraction are similar to the activity and mass that size-fraction contributes to the filters for the larger size-fraction. The activities in the size-intervals are given in Table 9 for 239+240 Pu and in Table 10 for   241 Am. The smallest size-interval considered here has a diameter less than 2.5-µm computations. These filters had masses for the <10 µm and <15 µm sizefractions that were nearly equal, while the measured activity was higher on the <10 µm filters than on the <15 µm filters. Negative values for the 10-to15-µm interval may be attributed to the inhomogeneous mixture of soil and radionuclides that were introduced to the suspension chamber, errors in the measurement of small amounts of radioactivity, and the possible effects of a "hot particle" on activity distribution, particularly for filters where the mass and total activity were low.
The data indicate that there is a correlation between the aerodynamically separated particle size-fractions and the activity on them, although it is statistically more significant for plutonium than americium isotopes. The means of the 239+240 Pu activities have been computed for the samples that did not have negative values and are included in Table 9 . The mean activity increased as the particle size increased. The paired t-Tests in Table 11 show statistically significant increases in activity between the <2.5 µm and 2.5-5 µm intervals (at the 3.4% level) and the 2.5-5 µm and 5-10 µm intervals (at the 1.3% level). The increase between the 5-10 µm and 10-15 µm interval had a significance level of 12.5% and would not be considered statistically significant. The means of the 241 Am activities have been computed for the seven sets that did not have negative values and are included in Table 10. The   241 Am activities also tended to increase as the particle size increased, but, as shown in Table 11 , no increase was statistically significant.
The duplicate soil samples resulted in some differences in activity, although the comparison between PR57-040 and its duplicate PR57-057 was better than the comparison between PR57-035 and PR57-058. The average percent difference between the 239+240 Pu activity on the composite filters for PR57-040 and PR57-057 was -7% with a standard deviation of 52%. A paired t-Test for these samples gave a small t-Statistic of 0.761 for a difference that would be statistically significant at the 48% level, which shows no significant difference between the PR57-040 and PR57-057 samples. With the two largest activities on the 5 µm filters not included, the average percent difference between the 239+240 Pu activity on the composite filters for PR57-035 and PR57-058 was
31% with a standard deviation of 47%. A paired t-Test for these samples gave a t-Statistic of 1.514 for a difference that would have been statistically significant at the 21% level, which shows the samples were different but at a low statistical level. The differences in the duplicate samples are one evidence of the extreme variability in the distribution of radionuclides within safety test contaminant plumes. Am at UNLV's Health Physics Department with a gamma radiation counter using a High Purity Germanium detector. A portion (14 or 28 grams) of each sieved fraction was weighed on an Ohaus Cent-O-Gram fourbeam, hanging-pan balance that was located in the hood in the Radiation Protection Laboratory. Each portion was placed in a plastic dish that was covered, sealed, and transported to the Health Physics Department. The quantity of mass and the dish size were chosen to fit into the counter and to give the proper depth of sample for optimal counting. The duration of most counting periods was 600 seconds with a few samples counted for longer periods. The detected radionuclides included Am activities in the sample intervals for physical diameters <38 µm, 38 to 75 µm, 75 to 150 µm, 150 to 300 µm, 300 to 600 µm, and >600 µm. The relation among the sieved samples from the three locations and the individual samples was similar to that of the aerodynamically separated samples. The highest activities were found for location two; the activity at location three slightly exceeded that at location one. The individual soil samples with the highest alpha activities also had the highest gamma activities; the individual soil samples with the lowest alpha activities also had the lowest gamma activities. A few soil samples had one or more sizeintervals with much higher activity than is found in other size-intervals for the sample, which may be indicative of the inhomogeneity of the mixture of radionuclides in some of the samples. However, in general, the results suggest from the sieved fractions that the plutonium and americium show similar distributions as a function of particle size and that there has not been significant relocation of one versus the other over time.
The mean activity for the sieved fractions decreased with increasing particle size for all but the 150 to 300 µm size interval. One soil sample, PR57-058, had a high 241 Am activity in the 150 to 300 µm range. With the PR57-058 sample not included in the averages, the mean activity decreased with increasing particle size for all sizes. Paired t-Tests confirm that, without PR57-058, the decreases in the means with increasing particle size were highly statistically significant for the <38 µm to 38-75 µm interval, for the 75-15 µm to 150-300 µm interval, and for the 150-300 µm to 300-600 µm interval. The decrease for the 300-600 µm to >600 µm interval was slightly less significant but still at the 3.5% level. The decrease in the mean activity between the 38 to 75 µm to 75 to 150 µm interval had a significance level of 7.2%, only slightly statistically significant.
The total amount of 241
Am in each sieved sample cannot be determined, because the sieved fractions were not weighed when the separations were done. Similarly, the total activity of the soil samples cannot be determined, particularly since plutonium analysis was not done on them. The sieved fractions were not originally intended to be analyzed. The sieved fractions were analyzed only after a gross gamma survey meter indicated relatively high activities in some of the sieved fractions. Work by Papelis et al. (1996) on six Project 57 samples used to evaluate soil volume reduction technologies showed an average of 54.9% of the Pu activity is associated with particles less than 38 µm. However, the standard deviation of 44.1 indicates the variability between samples. 
CONCLUSIONS
Soil samples were collected specifically for separation by the SSPSS at three general locations in the deposited Project 57 plume, the projected radioactivity of which ranged from 100 to 600 pCi/g. Samples were collected from this range of the plume because it represents what are anticipated to be residual contaminant levels after corrective action at the site. As a consequence, results of the SSPSS analysis can be used for dose-level and corrective action-level determinations for future land-use scenarios. Higher activity soils were also not considered because of restrictions on the amount of radioactive material that UNLV was licensed to have in its possession. Soil samples were collected at five sites for each of the three locations. At each sample site, vegetation and other debris were cleared and soil was collected to a depth of approximately 8 cm, placed in a 2-liter container, and marked with a sample identification number. At two of the sample sites, a second soil sample was collected to serve as a duplicate sample.
The soil samples were sieved into six size-fractions with physical diameters greater than 600 µm, 300 to 600 µm, 150 to 300 µm, 75 to 150 µm, 38 to 75 µm, and less than 38 µm. The 38 µm fraction was further separated by aerodynamic sizing into five size-fractions with aerodynamic diameters less than 1 µm, less than 2.5 µm, less than 5 µm, less than 10 µm, and less than 15 µm. From a dose perspective, particles less than 15 µm are considered potentially inhalable. No additional analysis was performed on the particle size-fraction between 15 µm and 38 µm. Quanterra Environmental Services, Richland Laboratory, analyzed the aerodynamically separated particle samples for plutonium, americium, and uranium using alpha spectroscopy. Uranium was found on single size-fractions in only four samples in low levels ranging from 1.12 to 3.72 pCi/g (0.06 to 0.11 pCi total activity) and was not considered in further analysis. UNLV's Department of Health Physics analyzed the sieved size-fractions for americium using gamma spectroscopy. Quality assurance/quality control included steps during sieving operations to minimum loss of material during shaking and during transfer from the sieves for weighing and analysis. For filter SSPSS operations and filter analysis, steps included the simultaneous collection of two <5 µm samples, random weighing of a control set of filters and with other calibration weights, leak tests and flow rate checks of the SSPSS equipment during operation, and a 5 to 10 minute "settling" period before filters were removed to help ensure that no particles remained in suspension.
For the aerodynamically separated size-fractions, analyzed activities for
239+240
Pu ranged from 54 to 1,390 pCi/g for location one, from 450 to 9,000 pCi/g for location two, and from 83 to 1,600 pCi/g for location three. The analyzed activities for 241 Am ranged from 10 to 254 pCi/g for location one, from 14 to 1,490 pCi/g for location two, and from 14 to 220 pCi/g for location three. Several soil samples had more activity in the smaller size-fractions than in the larger ones, which suggests that radioactive particles may not have been uniformly distributed in the SSPSS suspension chamber during particle separation.
The average ratio of 239+240 Pu to 241 Am for the aerodynamically separated samples analyzed by alpha spectroscopy for all size-fractions was 5.4 with a standard deviation of 1.5 and a range of 1.8 to 11.5, with the 95% confidence interval range being 5.1 to 5.8. The averages for the different size-ranges had slight but not significant differences. The ratio of 5.4 is three to four times lower than the ratio of 239+240 Pu to 241 Am found for soil samples at safety tests on the TTR. The differences in the ratios for these isotopes compared to the TTR sites were also noted in research by the Nevada Applied Ecology Group at Project 57 (Gilbert et al., 1975) .
The data indicate that there is a correlation between the aerodynamically separated particle size-fraction and its activity, although it is statistically more significant for plutonium than americium isotopes. The activities in the size-intervals for aerodynamic diameters <2.5 µm, from 2.5 to 5 µm, from 5 to 10 µm, and from 10 to 15 µm were determined from the mass and activities on filter samples. The mean activity of 239+240 Pu on the aerodynamically separated samples increased as the particle size increased: 377 pCi/g for the <2.5 µm interval, 592 pCi/g for the 2.5 to 5 µm interval, 1211 pCi/g for 5 to 10 µm interval, and 1922 pCi/g for the 10 to 15 µm interval. Paired t-Tests show statistically significant increases in
Pu activity between the <2.5 µm and 2.5-5 µm intervals (at the 3.4% level) and the 2.5-5 µm and 5-10 µm intervals (at the 1.3% level). The increase between the 5-10 µm and 10-15 µm interval had a significance level of 12.5% and would not be considered statistically significant. The means of the 241 Am activities in the <2.5 µm, from 2.5 to 5 µm, from 5 to 10 µm, and from 10 to 15 µm size-intervals were also computed. The 241 Am activities also tended to increase as the particle size increased, but no increase was statistically significant.
The activities of 241
Am in the sieved sample measured by gamma spectroscopy, particularly in the small size-intervals, are higher (range of 8.4 to 2630 pCi/g) than might be expected given the activities of 241 Am and
239+240
Pu in the aerodynamically separated samples. If the same ratio of plutonium to americium holds as for the aerodynamically separated size-fractions, the plutonium activity of the sieved samples would be about five times the americium activity. The plutonium activity in the <38 µm size-range would then range from 800 to 13,000 pCi/g. The results of the gamma counting and subsequent calculations have been checked and determined to be correct to within the uncertainties of the measurement. A large amount of plutonium associated with particles having aerodynamic diameters greater than 15 µm (a diameter of about 3 µm for a plutonium particle or 5 µm for a plutonium oxide particle) and physical sizes less than 38 µm could result in the high activities in this size range.
In general, the relation among the sieved samples from the three locations is similar to that of the aerodynamically separated samples. The highest activities were found for location two; the activity at location three slightly exceeded that at location one. The individual soil samples with the highest alpha activities also had the highest gamma activities; the individual soil samples with the lowest alpha activities also had the lowest gamma activities. A few soil samples had one or more size-intervals with much higher activity than is found in other size-intervals for the sample, which may be indicative of the inhomogeneity of the mixture of radionuclides in some of the samples. However, in general, the results suggest than plutonium and americium are similarly distributed in the soil, both in the potentially inhalable size range and in larger size particle fractions.
The total amount of 241 Am in each sieved sample cannot be determined, because the sieved fractions were not weighed when the separations were done. Similarly, the total activity of the soil samples cannot be determined since plutonium analysis was not performed on the sieved fractions. The sieved fractions were not originally intended to be analyzed. The sieved fractions were analyzed only after a survey meter indicated relatively high activities in some of the sieved fractions. Previous work at the site (Papelis et al., 1996) indicated slightly more than 50% of the Pu activity is associated with particles less than 38 µm, but with considerable variability between samples. In any future, work with the SSPSS, the total weight soil sample, the weight of the part that is sieved, and the weights of each sieved size-fraction should be determined. The principal benefit would be to more fully understand total activity distribution among all soil particle sizes.
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